Abstract: Some physico-chemical properties of the 2-chloro-5-nitrobenzoates of Co(II), Ni(II) and Cu(II) were studied. The complexes were obtained as hydrates with a metal ion to ligand ratio of 1:2. All the complexes were polycrystalline compounds. Their colours depended on the nature of the central ion: pink for the Co(II) complex, green for the Ni(II) and blue for the Cu(II) compounds. Their thermal decomposition was studied in the range of 293-523 K because it was found that the 2-chloro-5-nitrobenzoates decomposed explosively on heating in air above 523 K. The hydrated complexes lost crystallization water molecules in one step. From the results, it appeared that no transformation of the nitro group to nitrite occurred during the dehydration process. Their solubilities in water at 293 K were of the order of 10 -2 mol dm -3 for the Ni(II) and Co(II) complexes and 10 -4 mol dm -3 for that of Cu(II). The magnetic moment values of Co 2+ , Ni 2+ and Cu 2+ in the 2-chloro-5-nitrobenzoates, experimentally determined in the range, of 76-303 K ranged from 3.48 to 3.82 m B for Co(II), from 2.69 to 3.08 m B for the Ni(II) and from 1.87 to 2.00 m B for the Cu(II) complex. The 2-chloro-5-nitrobenzoates of Co(II), Ni(II) and Cu(II) followed the Curie-Weiss law.
INTRODUCTION
The preparation and investigations of 2-chloro-5-nitrobenzoates of selected d-block elements are presented in this paper. This subject was undertaken because, on the one hand, the carboxylates play an important role in inorganic and bioinorganic chemistry and on the other, many metal cations, in a large number of various biological processes, especially six-membered ring systems, are components of several vitamins and drugs. 1, 2 Moreover, carboxylates of transition metal ele-ments, depending on their magnetic properties, may be used in modern branches of techniques and technology as electronic materials.
2-Chloro-5-nitrobenzoic acid is a crystalline solid, sparingly soluble in cold water but readily soluble in hot water, also in ethanol and benzene. 1 Its electrolytic dissociation constant is 1.52´10 -2 (25 o C) and melting point 139 o C. The compounds of 2-chloro-5-nitrobenzoic acid are very little known. A survey of the literature showed that it is possible to find papers on its salts with some cations and on investigations of some of their chemical properties. The salts of 2-chloro-5-nitrobenzoic acid anion were obtained in the solid state only with the cations: K + , Pb 2+ , Ca 2+ , Ba and with earth elements(III). 3, 4 Moreover some complexes of transition element cations with various isomers of chloronitro-and chloromethoxybenzoic acid anions were also investigated. [5] [6] [7] [8] [9] [10] [11] [12] The 2-chloro-5-nitrobenzoates of Co(II), Ni(II) and Cu(II) have hitherto not been obtained. Therefore, the aim of this work was to prepare them as solids and to examine some of their physicochemical properties, including thermal stability in air during heating to 523 K, IR spectral characterization, X-ray powder investigations, solubility in water at room temperature and magnetic behaviour in the range of 76-303 K. Thermal stability investigations give information about the process of dehydration. Magnetic susceptibility measurements enable the manner of the coordination of the central ions and the nature of the bonding between the central ions and ligands to be studied. If the magnetic moment is knownn, the number of unpaired electrons can be calculated. This may also give information on the oxidation state of the metal ion of a complex. When the number of unpaired electrons on the ion of the complex is known, the spin-only moment can be calculated. Deviations of the measured magnetic moment from the spin-only permits in certain cases, conclusions to be drawn on the summetry of the complex. The determination of the number of unpaired electrons on the central atom establishes whether the investigated complex is of low or high spin or the ligand forms a strong or weak field.
EXPERIMENTAL
The 2-chloro-5-nitrobenzoates of Co(II), Ni(II) and Cu(II) were prepared by adding equivalent quantities of 0.1 M ammonium 2-chloro-5-nitrobenzoate (pH 5) to a hot solution containing 0.1 M Co(II), Ni(II) or Cu(II) chlorides and crystallizing at 293 K. They were warmed on a water bath for ten hours. The formed solids were filtered off, washed with hot water and methanol to remove ammonium ions and dried at 303 K to constant mass. The contents of carbon, hydrogen and nitrogen were determined by elemental analysis using a CHN 2400 Perkin-Elmer analyser. The IR spectra of complexes were recorded over the range 4000-400 cm -1 using a M-80 spectrophotometer (Carl-Zeiss, Jena). Samples for the IR spectra measurements were prepared as KBr discs (Table I) . The X-ray powder diffraction were taken on a HZG-4 (Carl Zeiss-Jena) diffractometer using Ni filtered CuKa radiation. The measurements were made within the range 2q = 4 -80 o by means of the Debye-Scherer-Hull method.
The thermal stability and decomposition of the complexes were studied in air using a Setsys 16/18 TG, DTG and DSC instrument. The experiments were carried out under dynamic air in the temperature range of 297-523 K. Samples ranging between 6.76 and 8.44 mg were heated in Al 2 O 3 crucibles (Fig. 1 ).
The thermal stability and decomposition of the prepared complexes were determined using a Paulik-Paulik-Erday Q-1500 D derivatograph with a Derill converter, recording TG, DTG and DTA curves. The measurements were made at a heating rate of 10 K/min. The samples (100 mg) were heated in platinum crucibles in static air to 523 K with a sensitivity of TG-100 mg. The DTG and DTA sensitivities were regulared by the Derill computer programme. The decomposition products were calculated from the TG curves and verified by the registation of the diffraction pattern (Table II) .
The solublities of the 2-chloro-5-nitrobenzoates of Co(II), Ni(II) and Cu(II) in water were measured at 293 K. Saturated solutions of the compounds were obtained under isothermal conditions. The contents of Co(II), Ni(II) and Cu(II) were determined using an ASA 800 spectrophotometer (Varian). The magnetic susceptibilities of polycrystalline samples of the 2-chloro-5-nitrobenzoates of Co(II), Ni(II) and Cu(II) were investigated in the temperature range of 76-303 K. The measurements were carried out using the Gouy method. Weight changes were obtained from Cahn RM-2 electrobalance. The calibrant employed was Hg[Co(SCN) 4 ], the magnetic susceptibility of which was assumed to be 1.644´10 -5 cm 3 g -1 . Correction for diamagnetism of the constituent atoms was calculated by use of Pascal's constants. 13, 14 The magnetic moments were calculated according to Eq. (1): The 2-chloro-5-nitrobenzoates of Co(II), Ni(II) and Cu(II) were obtained as polycrstalline solids with a metal ion to ligand ratio of 1:2 and a general formula M(C 7 H 3 O 4 NCl) 2 ·nH 2 O (where M = Co, Ni, Cu and n = 2 for Co and Cu, and n = 3 for Ni), and the following colours: pink for the Co(II), green for the Ni(II) and blue for the Cu(II) complexes.
Some of the results of the analyses of the IR spectra are given in Table I . The infrared spectrum of 2-chloro-5-nitrobenzoic acid showed the following absorption bands: 15 a strong band of COOH at 1680 cm -1 , bands assigned to the asymmetric and symmetric vibrations of the NO 2 group at 1530 and 1350 cm -1 , bands of n(C-C) vibrations at 1608, 1572, 1416 and 1295 cm -1 , bands of n(C-H) vibrations at 3112, 1152, 980 cm -1 and bands of n(C-Cl) stretching vibrations at 725 cm -1 . The bands of skeleton vibrations occured 695, 620, 560, 540 and 455 cm. -1 In the IR spectra of the analysed 2-chloro-5-nitrobenzoates the band at 1680 cm -1 disappeared, which confirms that no COOH was present in the complexes. In these spectra, intense broad absorption bands at 3500 -3100 cm -1 confirmed the presence of water of crystallization. The bands arising from the asymmetric and symmetric vibrations of the COO -group occurred at 1580 cm -1 and 1420 cm -1 , respectively. The bands at 1535-1530 cm -1 and 1355-1350 cm -1 were assigned to asymmetric and symmetric vibrations of the NO 2 group. They were not significantly shifted with respect to those of the parent acid and thus it must be concluded that the NO 2 group was not coordinated to the metal ions. The n(C-Cl) stretching vibration occurred at 740-730 cm -1 and the bands at 455-450 cm -1 were assigned to the metal-oxygen ionic bond. Their shifts were not observed in the spectra. Probably 2-chloro-5-nitrobenzoic acid forms complexes with Co(II), Ni(II) and Cu(II) of similar stabilities and of the same type. The bands of skeleton vibrations were shifted to lower frequencies (680, 610, 550, 530 cm -1 ) compared to those in the IR spectrum of the acid. The changes in their positions were caused by the interaction between the aromatic ring vibrations and the groups of atoms and ions. In the IR spectra of the complexes, the bands of n asOCO -were shifted to lower frequencies, whereas the bands of n sOCO -moved to higher frequencies compared to those of the sodium salt (Table I ). Therefore, it is possible to assume that the carboxylate ion is a bidentate, chelating ligand. [15] [16] [17] The magnitudes of the separa-TABLE III. Continued tion, Dn OCO -, between the frequencies due to n asOCO -and n sOCO -in the analysed complexes indicated a lower degree of ionic character in the bond in these compounds compared to the sodium salt. Having a greater ionic potential than the sodium ion, the Ni 2+ , Co 2+ and Cu 2+ ions have a stronger deforming effect on the ligand. In order to verify that the prepared complexes were not converted to the nitrio isomers (during precipitation or heating to 572 K), the IR spectra of the hydrates of 2-chloro-5-nitrobenzoates and of dehydrated complexes and also of sodium nitrite were recorded. A survey of the literature showed that under the influence of sunlight or with increasing temperature, the nitro complexes may be transformed to the nitrite in an endothermic process. 18 It was found that isomerization of the nitro group may accompany the dehydration process of the complex or be connected with the transformation process in its inner sphere. 19 As a monodentate ligand, the nitrite ion may be bound either through a nitrogen atom, forming the nitro complex, or through one of the oxygen atoms yielding a nitrite complex. The general effect of coordination via nitrogen is an increase in the frequencies of both n as (NO 2 ) and n s (NO 2 ) compared to the values for the free ion~1328 cm -1 and1 260 cm -1 , respectively. 20 The IR spectra recorded for the hydrated and dehydrated complexes showed that the nitro group was not transformed to nitrite with increasing temperature. No bands confirming the isomerization of the nitro group through the oxygen atom were obseerved. 19, 20 From the recorded X-ray spectra of the investigated complexes, it appears that they were crystalline compounds characterized by low symmetry, large size 21 of the unit cells and different structures, which have not been determined because their single crystals have not been determined so far.
It follows from earlier studies on the thermal stability of 2-chloro-5-nitrobenzoates of Co(II), Ni(II) and Cu(II) that these complexes are explosively decomposed on heating above 523 K. 22, 23 Their thermal stability was studied in the range of 293-523 K. The results revealed that they loose the water of crystallization in one step at 340-421 K. The process was connected with an endothermic effect as is shown by the DTA curves. 24, 25 The anhydrous 2-chloro-5-nitrobenzoates were formed above 430 K. The weight loss is about 7 % in the case of dihydrates, and about 11 % for the trihydrate of Ni(II) 2-chloro-5-nitrobenzoate (Table II) . As an example, the DSC, TG and DTG curves of the Cu(II) complex are presented in Fig.  1 . Considering the temperatures at which the dehydraton occurred and the way in which it proceeded, it is possible to assume that the water molecules form outer-sphere water. 25 The values of DH for the dehydration process of the complexes shanged from 169.5 (Ni(II) complex) to 106.8 kJ mol -1 (Cu(II) complex) and they are proportional to the energy of the bonding of a definite number of water molecules in the corresponding 2-chloro-5-nitrobenzoates (Table II) .
The solubilities of the 2-chloro-5-nitrobenzoates of Co(II), Ni(II) and Cu(II) in water at 293 K were measured (Table II) . They were in the order of 10 -4 -10 -2 mol dm -3 . The 2-chloro-5-nitrobenzoate o Co(II) was the most soluble salt while that of Cu(II) the least soluble.
The magnetic susceptibilites of the 2-chloro-5-nitrobenzoates of Co(II), Ni(II) and Cu(II) were measured in the temperature range 76-303 K (Table III) . The plots of 1/c M ns T followed the Curie-Weiss law, suggesting a weak ferromagnetic interaction (Fig. 2) . The value of the magnetic moment experimentally determined at 76-303 K for the analysed complexes changed from 3. , and Cu(II) ions, the magnetic moment may be lower than the spin-only value. This is due to the fact that the vectors L and S are aligned in opposite directions by the strong field of the heavy atom, which diminishes the resultant magnetic moment. The experimental data suggest that the compounds of Co(II), and Ni(II) seem to be high-spin complexes with probably weak ligand fields. 26 The magnetic susceptibility values of the 2-chloro-5-nitrobenzoate of Cu(II) decreased with increasing temperature. Such a dependence is typical behaviour for monomer copper. 27 The experimentally determined room temperature magnetic moment per Cu(II) in the analysed complex (µ eff = 1.99 m B ) is similar to those observed for other monomeric Cu(II) compounds [27] [28] [29] [30] and is higher than the d 9 spin-only magnetic moment µ eff = 1.73 m B . This discrepancy may be due to the fact that spin-orbital coupling in the ion can mix the ground state, representing no orbital momentum, with higher levels of identical multiplicity. The participation of those higher levels results in a small orbital contribution in those cases where it is not to be expected. 26 It may also indicate the operation of ferromagnetic interaction.
The analysed complexes are hydrated, crystallilne compounds with varying symmetry. The carboxylate groups act as a bidentate, chelating ligand. The investigated compounds decompose explosively on heating in air above 523 K. Transformation of nitro group to nitrite did not occur. The solubility of the 2-chloro-5-nitrobenzoates in water at 293 K is of the order of 10 -2 mol/dm 3 . The complexes of Co(II), Ni(II) and Cu(II) follow the Curie-Weiss law. They have not yet been investigated in respect to their biological and technical applications because hopes for such purposes is not very high. 
